This study aimed to evaluate the factors associated with a survival benefit for patients with metastatic renal cell carcinoma (mRCC) treated with sunitinib, with and without cytoreductive nephrectomy (CN).
Background
Worldwide, renal cell carcinoma (RCC) is the third most common malignancy of the genitourinary system and accounts for approximately 3% of all malignant tumors and 2% of all cancer deaths in adults [1] . Approximately 25-30% of patients have metastases at initial diagnosis of RCC diagnosis, and cytoreductive nephrectomy (CN) combined with systemic therapy has shown some efficacy for patients who have metastatic RCC (mRCC) [2] . The results from two randomized clinical trials conducted in the 1990s showed that CN significantly increased the survival of patients with mRCC compared with cytokine therapy alone, resulting in CN being recommended as the standard first-line treatment for mRCC [3, 4] . However, there is currently insufficient clinical data available to determine whether CN confers a significant survival benefit for patients with mRCC in the current era of molecular targeted therapy [5] [6] [7] .
Advances in the understanding of the molecular biology of RCC have led to the development of targeted therapy [8] , including vascular endothelial cell growth factor (VEGF) antagonists, tyrosine kinase inhibitors (TKIs), and mTOR inhibitors [9, 10] . Targeted therapy has provided new first-line and second-line treatment options for mRCC. However, there are no guidelines for the use of combination CN and targeted therapy in patients with mRCC, and the optimal sequence or combination of individual therapies for patients with mRCC remains to be identified [11] .
Sunitinib is an oral receptor tyrosine kinase inhibitor (RTKI) that is approved for the treatment of RCC. In 2018, the results were published from the prospective phase III Clinical Trial to Assess the Importance of Nephrectomy (CARMENA), which compared outcome following treatment with sunitinib alone with nephrectomy plus sunitinib [12] . The findings from this trial showed no significant survival benefit for patients with mRCC treated with combined CN and sunitinib compared with sunitinib alone [12] . However, a retrospective study based on the US National Cancer Database (NCD) showed a survival benefit for CN combined with targeted therapy compared with sunitinib alone [13] . The findings from a retrospective study that included analysis of a cancer database showed than in patients with mRCC and favorable prognostic characteristics determined by Memorial Sloan Kettering Cancer Center (MSKCC) and Eastern Cooperative Oncology Group (ECOG) performance status, CN improved overall survival (OS) [14] . However, this trend was not observed in another study of patients with mRCC with poor MSKCC or ECOG performance status [15] . It remains unclear which subgroups of patients with mRCC obtain a survival benefit from treatment with combined CN and sunitinib compared with sunitinib alone [16] .
Therefore, this retrospective study aimed to evaluate the factors associated with a survival benefit, in terms of progression-free survival (PFS) and overall survival (OS), in 118 patients with mRCC treated with sunitinib, with and without CN.
Material and Methods

Patients
This retrospective study included 118 patients with metastatic renal cell carcinoma (mRCC) who were treated between May 2009 and June 2018 at the Department of Urology, Fudan University Shanghai Cancer Center (FUSCC) Shanghai, China. Patients were included in the study who had metastases on initial diagnosis and who were treated by urologists according to the standard treatment at our institution. Only patients eligible for combination cytoreductive nephrectomy (CN) and sunitinib therapy were included. All patients underwent baseline computed tomography (CT) or magnetic resonance imaging (MRI) and showed at least one measurable metastatic lesion that was ³10 mm in greatest diameter at initial diagnosis. Follow-up CT or MRI was performed every two months during treatment.
Clinicopathological parameters were recorded and analyzed for all study participants and included gender, age, body mass index (BMI), Karnofsky performance status (KPS), C-reactive protein (CRP) levels [17] , the International Metastatic Renal Cell Carcinoma Database Consortium (IMDC) prognostic model score, the tumor-node-metastasis (TNM) stage, lymph node status, Fuhrman grade of the RCC, primary tumor size, necrosis, microvascular invasion, and number and location of metastases. Imaging findings were independently reviewed by senior radiologists, and the histopathology of the RCCs were independently confirmed by senior pathologists, all of whom were blinded to the patient treatment regimen.
Ethics approval for the study was obtained from the Ethics Committee of Fudan University Shanghai Cancer Center (FUSCC). Patients provided informed consent. The study was conducted in accordance with the principles of the Declaration of Helsinki II.
Treatment
Of the 188 patients with mRCC included in the study, 70 patients were treated with CN and sunitinib (the CN-sunitinib group), and 48 patients received only sunitinib (the sunitinibalone group). Sunitinib was administered at 50 mg per day on a schedule of four weeks on and two weeks off. The CN-sunitinib group were treated with the same sunitinib regimen commencing between 3-6 weeks after CN.
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Statistical analysis
The primary endpoint was progression-free survival (PFS), which was defined as the time between the date of surgery (CN-sunitinib group) or the initiation of sunitinib therapy (sunitinib-alone group) to the date of tumor progression, secondline therapy, or death, whichever occurred first. Overall survival (OS) was the secondary endpoint and was defined as the date of surgery or initiation of sunitinib therapy to the date of death or last follow-up. The follow-up duration was determined using the Kaplan-Meier method with 95% confidence intervals (CIs) and assessed using a log-rank test. Categorical clinicopathological data were compared using a contingency table and the chi-squared (c 2 ) test. Univariate analysis and multivariate Cox regression analysis were performed to identify independent predictors of outcome. For subgroup analysis, patients were stratified according to statistically significant indicators. All statistical analysis was performed with STATA version 12.0 software. Tests were two-sided, and a P-value <0.05 was considered significant. Target lesion response was evaluated according to the Response Evaluation Criteria in Solid Tumors (RECIST), version 1.1. Adverse events were evaluated using the Common Terminology Criteria for Adverse Events (CTCAE) version 4.0.
Results
Prognosis in the two study groups with metastatic renal cell carcinoma (mRCC)
The prognosis in patients with mRCC who underwent cytoreductive nephrectomy (CN) was compared with the prognosis in patients treated with sunitinib-alone. Stratified analysis showed that patients with lymph node metastasis or with a high International Metastatic Renal Cell Carcinoma Database Consortium (IMDC) risk score showed more survival benefit from sunitinib-alone therapy, while significant survival benefits were found in the CN group for patients with low levels of serum C-reactive protein (CRP).
Clinicopathological characteristics of the two study groups
In this study, 59.3% (n=70) of patients with mRCC were enrolled in the CN-sunitinib group, and 40.7% (n=48) received sunitinib alone. Patients commonly switched to sorafenib, everolimus, axitinib, or clinical trials as second-line treatment in the CN-sunitinib group and the sunitinib-alone group in 34.3% and 39.6%, respectively. In patients with mRCC, until the last day of follow-up (8 th July 2018), the median progression-free survival (PFS) was 8.4 months, and overall survival (OS) was 15.5 months, and included 109 patient deaths. As shown in Table 1 , patients who underwent CN were younger (<60 years), had a higher Karnofsky performance score (KPS), lower CRP, and fewer metastases. The pathological characteristics showed that more patients presented clinical stage T3 and T4 primary tumors and tumor necrosis in the CN-sunitinib group. The most common sites for metastases included the lymph nodes, lung, bone, liver, vena cava, and retroperitoneal space.
Cox regression analysis and survival outcomes of the two study groups
In univariate Cox regression analysis (Figure 1 ), forest plots showed that significant predictors of poor PFS included gender, age, body mass index (BMI), KPS, IMDC, CRP, lymph node stage, Fuhrman grade, primary tumor size, histological subtype, the presence of necrosis, microvascular invasion, and number of organs with metastases. Univariate predictors for poor OS were similar to those for poor PFS. However, in multivariate analysis (Table 2) , independent parameters for poor PFS included serum CRP<10 mg/L, (P<0.001), IMDC score for intermediate-risk disease (P<0.001), lymph node stage N0 (P=0.011), and absent microvascular invasion (P=0.007). In multivariate analysis of OS, CRP<10 mg/L (P=0.004), IMDC score for intermediate-risk disease (P<0.001), lymph node stage N0 (P=0.015), and absent microvascular invasion (P<0.001) were significantly correlated with poor OS. Figure 2 shows that the survival curves of the two study groups, the CN-sunitinib group and the sunitinib-alone group, did not show a significant difference (PFS: 7.2 months, P=0.525; OS: 11.6 months, P=0.839). Stratified survival analysis showed that CN treatment was significantly associated with poor PFS and OS in patients with lymph node metastasis (PFS: P<0.001; OS: P<0.001) ( Figure 3A , 3B) and in patients with high-risk IMDC score subgroups (PFS: P=0.003; OS: P=0.011) ( Figure 3C , 3D). However, in patients with mRCC with a lower CRP (<10 mg/L), significant survival benefits were found in the CN-sunitinib group compared with the sunitinib-alone group (PFS: P=0.026; OS: P=0.007) ( Figure 3E , 3F). 
Drug-related adverse events
Adverse events were evaluated using the Common Terminology Criteria for Adverse Events (CTCAE) version 4.0. Table 3 shows the adverse events that occurred in the patients during this study. The most common adverse events associated with sunitinib therapy were hematotoxicity, gastrointestinal toxicity, and hand-foot skin and mucosal toxicity. Hand-foot syndrome was the most common adverse event, which occurred in 64.3% of patients in the CN-sunitinib group and 52.1% in the sunitinib-alone group (P=0.049). Anemia was the second most common adverse event, which occurred in 34 [15] . Although combination therapy with cytoreductive nephrectomy (CN) and targeted therapy is currently used in clinical practice, the therapeutic role of CN remains to be determined [18, 19] . This study evaluated the factors associated with a survival benefit for patients with metastatic renal cell carcinoma (mRCC) treated with sunitinib, with and without CN. The findings from the present study showed that treatment with sunitinib-alone without CN improved the survival of patients with mRCC who had high International Metastatic Renal Cell Carcinoma Database Consortium (IMDC) risk scores or lymph node metastasis. However, treatment with CN and sunitinib resulted in significantly improved survival for patients with low serum CRP levels <10 mg/L.
The findings in the present study are supported by the findings from two previously published observational studies. Wood and Margulis [20] and Stroup et al. [21] found that survival endpoints were not significantly different between patients with mRCC treated with CN plus sunitinib compared with sunitinib-alone. In the current study, we performed an additional subgroup analysis of patients with mRCC stratified into two groups based on several clinicopathological factors. CN treatment was significantly associated with poor progression-free survival (PFS) and overall survival (OS) in patients with lymph node metastasis and high IMDC risk scores. However, CN offered significant survival benefits compared with sunitinibalone treatment for patients with mRCC with low serum CRP concentrations. Therefore, some of the conflicting findings from previous clinical studies that identified benefit from CN might have been influenced by independent parameters, including lymph node metastasis, IMDC risk score, and serum CRP level.
In 2018, the prospective phase III Clinical Trial to Assess the Importance of Nephrectomy (CARMENA) evaluated the efficacy of sunitinib alone or following nephrectomy in 450 patients with mRCC [12] . The results showed noninferiority of sunitinibalone compared with CN-sunitinib for OS (18.4 months vs. 13.9 months) and PFS [12] . The overall response rate (ORR) was similar for the two groups and was 29.1% for sunitinib-alone group compared with 27.4% for the CN-sunitinib group [12] , which was comparable with the rates found in the present study of 27 [12] . In 2019, the findings from the SURTIME randomized clinical trial that included 458 patients with mRCC showed that CN did not improve PFR at 28-weeks and that pretreatment with sunitinib selected for patients who were resistant to systemic therapy before CN [22] . However, no further subgroup analysis was performed in the SURTIME study. In the present current study, CN-sunitinib prolonged the survival of patients with mRCC when compared with sunitinib-alone in patients with low serum CRP levels (<10 mg/L).
Advances the understanding of the molecular pathways involved in the development and metastasis of RCC has resulted in the development of single and combined targeted therapy for mRCC [23] [24] [25] . Primary tumors with invasive phenotypes tend to undergo metastasis, and CN may reduce initial tumor spread and reduce the risk of metastasis [26] . However, complications from previous CN may delay the time to initiation of systemic targeted therapy, which may reduce prognosis [27] [28] [29] .
Although CRP is a regarded as a non-specific inflammatory marker, it is also associated with disease severity in cardiovascular diseases and urological malignancy [30] . Measurement of serum CRP levels, the neutrophil-to-lymphocyte ratio, and the platelet-to-lymphocyte ratio have previously been reported as prognostic indicators in patients with mRCC following treatment with tyrosine kinase inhibitors (TKIs) [31] . In 2017, a meta-analysis of nine studies that included 1,199 patients with mRCC showed that an increased CRP level correlated with poor prognosis in patients receiving TKI treatment [32] . The results from these previously published studies support the findings from the present retrospective clinical study.
In this study of CN-sunitinib compared with sunitinib-alone for mRCC, 38.1% of patients experienced side effects, including 32.8% in the CN-sunitinib group and 42.7% in the sunitinib-alone group. Common severe adverse events associated with sunitinib therapy included mucosal inflammation, neutropenia, thrombocytopenia, anemia, and hand-foot syndrome. Unavoidable complications of prior CN, such as pulmonary injury, thromboembolism, blood loss, metabolic and gastrointestinal disorders, infection, and disease progression might influence not only the adverse events associated with targeted therapy, but also delay the survival benefits of established therapies for mRCC [33, 34] . The recently reported finding from the SURTIME randomized controlled clinical trial showed that patients with mRCC did not experience more surgical complications whether they received systemic therapy before or after CN [35] .
The strengths of the present study included the use of a stratified analysis of prognostic indicators, which identified factors significantly associated with the survival benefit of CN in patients with mRCC. Also, a series of statistical methodologies, including the chi-squared test, and Cox regression analysis were performed to identify mixed prognostic factors. However, this study also had several limitations. This study was retrospective and did not include randomization of the patient treatment groups, and there may have been unknown differences between these groups. However, this study did identify the influence of clinicopathological variables on the outcome of treatment with CN-sunitinib compared with sunitinib-alone, despite the finding of no overall difference in survival between the two treatment arms. In this study, postoperative complications may have prevented patients from being given systemic therapy that may have caused adverse events. Finally, the study sample size was based on a Chinese population cohort that was relatively small. There remains a need to study combined treatment with CN for mRCC in larger controlled multicenter studies, and to evaluate further the potential prognostic role of CRP in patients with mRCC and in the response to sunitinib.
Conclusions
The aims of this retrospective clinical study were to evaluate the factors associated with a survival benefit for patients with metastatic renal cell carcinoma (mRCC) treated with sunitinib, with and without cytoreductive nephrectomy (CN). The findings showed that sunitinib-alone without CN improved the survival of patients with mRCC who had high International Metastatic Renal Cell Carcinoma Database Consortium (IMDC) risk scores or lymph node metastasis. Also, patients treated with CN and sunitinib who had lower C-reactive protein (CRP) levels showed significantly improved survival.
